Field and laboratory experiments were conducted to study the residues and dissipation of Fluopyram, a succinate dehydrogenase inhibitor (SDHI) and tebuconazole, demethylation inhibitor (DMI) used for the control of powdery mildew and Anthracnose diseases in grape. Residues of fluopyram dissipated with a half life of 4.04 and 5.18 days, at recommended and double dose, respectively. For tebuconazole, the half life values recorded were 4.75 and 5.42 days, respectively. The residues reached below quantification limit (BQL) on 10 th and 15 th day, in both the fungicides at recommended and double the recommended dose, respectively, which suggests a Pre-Harvest Interval (PHI) of 7.76 and 9.91 days for fluopyram and tebuconazole, respectively when applied at 75 g a.i./ha and 150 g a.i./ha.
age to pomegranate Of late, this crop is under threat due to number of serious diseases such as bacterial blight (Xanthomonas axonopodis pv. punicae), wilt (Ceratocystis fimbriata), anthracnose (Colletotrichumgloeosporioides) and leaf spot and fruit rot (Alternaria alternata, Cercospora sp., Pseudocercospora sp., Drechslera sp. and Sphaceloma sp. etc.). Farmers rely heavily on synthetic pesticides for the control of insect pests and diseases in pomegranate.
However there are no insecticides and fungicides with label claim for use in pomegranate except cyantraniliprole 10.26% OD, quinalphos 25% EC, difenoconazole 25% EC, kitazin 48% EC, propineb 70% WP and metiram 55% + pyraclostrobin 5% WG. [2] . Sometimes pesticides are applied even during fruiting stage. Indiscriminate use of pesticides has resulted in the accumulation of pesticide residues in the primary agricultural products as well as soil [3] .
Luna Experience is a combination of fluopyram and tebuconazole and offers two different modes of action. Fluopyram, a tebuconazole broad spectrum fungicide belongs to a new chemical class. It is a succinate dehydrogenase inhibitor (SDHI) and breaks the respiration chain in the mitochondria of the fungus cell by blocking its energy production. Tebuconazole is a demethylation inhibitor (DMI). It interferes in the process of building structure of fungal cell wall. Finally, it inhibits the reproduction and further growth of fungus.
Fluopyram is a new fungicide and there is no data on its dissipation in pomegranate. Hence, studies were undertaken to validate the method for residue analysis of fluopyram and tebuconazole on liquid chromatography and mass spectrometry (LCMS) to determine the dissipation pattern of combination product, fluopyram and tebuconazole in pomegranate in western Maharashtra.
The degradation or dissipation of insecticide is influenced by climatic conditions, type of application, plant species, dosage interval between application and time of harvest [4] . Hence it is necessary to determine the dissipation pattern of these two fungicides by following Good Agricultural Practices (GAP). Keeping this in view an attempt was made to conduct studies on the persistence of fluopyram, its metabolite and tebuconazole in/on pomegranate. . The extraction and clean up were performed as described hereunder. Per cent recovery was calculated by using following formula.
Material and Methods

Chemicals and Reagents
Quantity of pesticide recovered Per cent recovery 100 Quantity of pesticide added = × were homogenized separately with robot coupe blixer and homogenized 15 ± 0.1 g sample was taken in 50 ml centrifuge tube. 30 ± 0.1 ml acetonitrile was added to sample tube. The sample was homogenized at 14,000 -15,000 rpm for 2 -3 min using Heidolph silent crusher. 3 ± 0.1 g sodium chloride was added to sample, mixed thoroughly by shaking gently followed by centrifugation at 2500 -3000 rpm for 3 min to separate the organic layer. The top organic layer of about 16 ml was taken into 50 ml centrifuge tube and added with 9 ± 0.1 g anhydrous sodium sulphate to remove the moisture content. 8 ml of extract was taken in to 15 ml tube containing 0.4 ± 0.01 g PSA sorbent (for dispersive solid phase d-SPE cleanup) and 1.2 ± 0.01 g anhydrous magnesium sulphate. The sample tube was vortexed for 30 sec then followed by centrifugation at 2500 -3000 rpm for 5 min.
The extract of about 1 ml (0.5 g sample) was taken for analysis on LC-MS/MS under standard operational conditions.
Soil:
The soil samples were analyzed following the QuEChERS method after validation of the method at the laboratory. The soil samples were dried at room temperature under shade, ground, passed through 2 mm sieve and a representative 10 g sample was taken in to 50 ml centrifuge tube. 20 ml acetonitrile was added to sample tube and shaken vigorously for 2 min. The samples were then added with 4 ± 0.1 g magnesium sulphate and 1 ± 0.1 g sodium chloride and centrifuged at 2500 -3000 rpm for 5 min to separate the organic layer. The top organic layer of about 10 ml was taken into 15 ml centrifuge tube and added with 250 ± 0.1 mg PSA sorbent and 1.5 ± 0.01 g magnesium sulphate and sonicated for 1 min then centrifuged at 2500 -3000 rpm for 10 min. The extract of about 1 ml (0.5 g sample) was taken for analysis on LCMS/MS under standard operational conditions ( Table 1 & Table 2 ).
Results and Discussion
Method validation
The detector response to the neat standards of the fungicides was studied by injecting five linear concentrations of these fungicides. The graph was plotted with detector response against respective concentrations and linearity line was drawn. Figures 1-3 show that the response of the instrument was linear over the range tested and R 2 value was 0.99 for all the fungicides under study. These results indicated that the LC-MS analysis is a valid method for residue determination of the tested fungicides in pomegranate fruits. Accuracy of the analytical method was determined by recovery studies. The per cent recovery was within Table 3 .
Dissipation of insecticides
Figures 4-7 show the dissipation pattern of fluopyram and tebuconazole (Table   4 ). . The residues of fluopyram were also estimated in oil at harvest which was below quantitation limit of 0.05 mg/kg in both the doses. As regards fluopyram benzamide, samples of immature fruits, mature fruits, juice and soil did not record any residues in recommended and double dose. They were below Quantitation limit of 0.05 mg kg −1 .
The dissipation of tebuconazole also followed similar pattern of degradation. Initial residue levels of 0.234 and 0.465 mg/kg were detected in immature fruits of pomegranate. The residues gradually degraded and reached 0.085 and 0.102 mg/kg in recommended and double dose, respectively on 7 th and 10 th day after second application. However, the residues were below quantitation limit of 0.05 mg/kg in mature pomegranate fruits and juice and also soil at harvest. In the present study, both fluopyram and tebuconazole showed first order kinetics for dissipation and followed linear degradation pattern. Half life was calculated from dissipation pattern curves of first order kinetics. The results in respect of dissipation of fluopyram cannot be compared due to lack of literature. The dissipation of residues of fluopyram and tebuconazole (Luna Experience 400SC)
was studied in chilli [7] , onion [8] and watermelon [9] and tebuconazole alone applied in/on onion [10] [11], mango [12] , ginseng [13] , chilli [14] , tomato [15] and apple [16] . Open Access Library Journal
According to Patel et al. 2016 [7] , half life of fluopyram was 8.85 and 9.12 days, respectively in recommended and double dose. Dong and Hu, 2014 [9] showed half life of 6.48 days for fluopyram in watermelon. In chilli, Saha, 2016 [7] found a half life of 1.161 and 1.241 days for single (100 g a.i./ha) and double (200 g a.i./ha) application rate.
For tebuconazole, half life of 6.69 and 7.72 days was reported in onion [8] and 0.866 and 1.083 days in case of chilli [7] at the single and double dose, respectively. In other studies, the reported half life was 1.7 days and 6 days in onion [11] and mango [12] , 5.87 and 6.93 days in watermelon [9] , 4.49 days in ginseng [13] , 1 day in chilli [14] and 0.9 days in tomato [15] . From the present study, the pre harvest interval (PHI) of 7.76 and 9.91 days for fluopyram and tebuconazole can be considered safe for harvesting residue free pomegranate at application rate of 75 and 150 g a.i./ha.
